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Abstract 
The ability to produce high quality processed foods is essential in order to compete in a market were consumers have 
exigent requests. In baking industry, different aspects, apart from baking operative conditions, contribute to the 
product quality and induce consumer’s acceptance. Among others, the change in volume and shape, color, texture and 
flavor can be mentioned. Madalenas, very common in Argentina for breakfast or at tea time, are included within the 
general definition of sweet baked products. They have a particular taste and shape, similar to that of a small cake, 
with a formulation that basically consists of eggs, sugar, butter, flour and yeast. The objective of the present work 
was to analyze the physical and sensory quality of commercial madalenas with the purpose of obtaining relationships 
between consumer’s preference and physical parameters. Four different trademarks of madalenas (MC1, MC2, MC3 
y MC4), normally encountered in Argentinean food stores, were used in this study. The instrumental analysis 
consisted in: texture characterization, water content and water activity, porosity, color, and global and crumb density. 
The sensory characteristics of madalenas were measured by an untrained panel of 35 consumers using the acceptance 
test. A good correlation between structural parameters (density), and textural (firmness) was found. This is, the 
greater the density, the more firmness the sample showed. Results obtained from sensory analysis showed 
dependence between acceptability of the product and porosity, crumb density and firmness, with a higher preference 
for products more porous and less firm. Although TPA is an excellent test for texture analysis in many kind of food, 
in this case, it didn’t reveal significant differences between samples. On the other hand, important differences 
between samples were found when color was evaluated, which contributed to characterize each trademark. 
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1.Introduction    
Madalena is a traditional small cake that was first produced in Lorena, France, in 1750, and then 
started to be known all around France, Spain and Latin America. Its shape resembles a little cake, 
cylindrical and with rounded surface. It is baked in paper cups that the consumer takes out at the moment 
of eating and usually has lemon and vanilla flavors. 
It’s common to find this product like a synonymous of muffin due to the similarity on shape. Even 
though both are for breakfast and tea time, and have the same ingredients, they are prepared according to 
different recipes. In consequence, madalenas have a less sweet taste. 
Because of being an industrial baked product, a limited consumption is recommended since it has high 
amount of saturated and trans-fat, and high caloric intake. However, there are studies that reveal that 
madalenas are healthier because they have less fat content than other sweet baked products [1]. 
The product acquires and develops its specific attributes (volume, shape, color, texture and taste) 
during the baking process. All this characteristics principally depend on water content and process 
temperature, and are crucial to determine the final quality [2]. 
Appearance, in particular for baked food, is one of the first aspect that consumer perceives and induce 
them to buy or reject the product. Different physical properties (global and crumb density, porosity, color, 
shape and volume among others) are representative of both external and internal appearances and 
contribute to the global perception of quality. 
On the other hand, food texture is a sensory property which has multiple contributions that derivates 
from molecular, microscopic and macroscopic food structure. It is detected by several senses: touch, sight, 
hearing and taste [3]. To measure food texture the product must be subjected to any type of deformation. 
As well as instrumental analysis can be used to measure different quality aspects, sensory evaluation of 
food, specially from consumer panelists, has had a resurgence as a valuable science with nutritional 
investigation and product development [4]. Also, consumer perception in early stages of product 
development has been identified as a critical factor for new product development [5]. 
In consequence, the objective of the present work was to analyze both physical and sensory quality of 
commercial madalenas available in Argentinean market, with the purpose of obtaining relationships 
between consumer’s preference and physical parameters.  
2.Materials & Methods 
Four different trademarks of madalenas (MC1, MC2, MC3 y MC4), normally encountered in 
Argentinean food stores, were used in this study. Table 1 lists the nutritional value of the products, as it is 
reported on each product’s label.  
 
Table 1. Nutritional values (g » 100 g) for the four products  
 
 
 
 
 
 
 
 
 
 MC1 MC2 MC3 MC4 
Energy value (kcal) 442.5 481.0 447.5 400.0 
Carbohydrates (g) 65.00 72.00 65.00 53.33 
Total fat (g) 14.25 16.11 18.50 18.33 
Proteins (g) 6.75 12.00 6.75 5.33 
Dietary fiber (g) 0.00 2.00 0.75 0.00 
Sodium (mg) 400.0 148.0 400.0 80.0 
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Different instrumental analyses, detailed in the following paragraphs, were performed in order to 
characterize each sample. 
The moisture content was determined according to AACC Method 44-40 [6] and water activity using 
an AquaLab CX-2 (Decagon, USA).   
Porosity was measured by image analysis. Madalenas were cut through the middle central cross-
section and images of each half were taken with a digital camera Samsung ST60. Using the Image 
Processing Toolbox, Matlab software, they were converted into binary images. This step transforms the 
holes representative of pores (from 0.2mm2 to 35 mm2) into black sections. Porosity was defined as the 
ratio between numbers of pores and area, using a normalized crumb area of 2.80 cm2, the results were 
expressed in cell/cm2. 
Color was determined with a portable colorimeter (Minolta CR-300, Japan) and the results were 
expressed in accordance with the CIELAB system.  
To characterize the texture of the product, three different tests were performed: compression, 
relaxation and TPA, using a TA.XT2i Texture Analyzer (Stable Micro Systems, UK) and a 75- mm 
diameter aluminium plate (P/75 probe). For all tests, samples of 2.65 cm diameter and 1 cm height 
cylinders of madalenas crumb were evaluated after removing the upper and lower ends. The experimental 
conditions were detailed in Table 2.  
For global density, the volume of each madalena, previously weighed, was measured by Method 10-05 
of rapeseed displacement [6]. 
 
Table 2. Characteristics of texture assays. 
Test Test Speed % Strain Other 
characteristics 
Method Parameters 
Compression 1 mm/s 80 % ---- AACC 74-09* Firmness 
Relaxation 0.5 mm/s 50 % ---- AACC 74-09* Elasticity 
TPA 0.5 mm/s 20 % time 10 s ---- Hardness 
Cohesiveness 
Gumminess 
 *[6] 
 
At last, crumb density was determined in cylindrical pieces taken from the center of the product. Each 
piece was weighed and its volume was calculated from cylinder’s height and diameter measured with a 
caliper. Results were presented in g/cm3. 
All tests were performed by quadruplicate for each trademark.  
To complete sample characterization, a sensory analysis was done. The sensory characteristics of 
madalenas were measured by an untrained panel of 35 consumers (23 % males and 77 % females) using 
the acceptance test, i.e. the affective method in a verbally structured 9-point hedonic scale (from 9 - 
extremely like, 5 - neither like nor dislike, to 1 - extremely dislike). It is known that sensory evaluation 
brings together the human error and subjectivity, for this reason it is recommended to carry out this 
analysis with instrumental determinations simultaneously to evaluate, characterize or classify different 
types of food. 
Statistical analysis of experimental measurements (analysis of variance and pair wise comparisons) 
was computed using SYSTAT software (SYSTAT, Inc., Evanston, IL). Differences in means and F-tests 
were considered only when P<0.05. 
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3.Results & Discussion 
The results of instrumental analysis are shown in Tables 3 and 4. The different commercial samples 
had similar moisture content, from 17.7 to 18.0 %, except for MC4, which moisture content was 16.35 %. 
Water activity of the analyzed samples did not present significant differences (P! 0.05). 
The global density presented none, or minimum differences between samples, however crumb density 
was significantly different in all of them, showing how important is to analyze the internal structure of 
food products. Moreover, porosity, another internal characteristic, expressed as number of gas cells/cm2, 
presented a wide range varying from 2.3 to 10.4. MC3 showed the highest value.  
On the other hand, important differences were found when color was evaluated, which contributed to 
characterize each trademark. Similar values were found in muffins [7, 8]. 
 
Table 3. Instrumentals properties 
Density (g/cm3) Color 
Sample 
Water 
content 
(%) 
Water 
activity 
Global Crumb 
Porosity 
(cell/cm2) 
a b L 
MC1 17.70a 0.771a 0.50a 0.66a  6.8a -1.02 26.16 70.67 
MC2 17.97a  0.772a 0.47a 0.60 b 4.8b -2.51 25.33 72.91 
MC3 17.91a 0.783a 0.43b 0.53c 10.4c  -1.56 20.08 73.36 
MC4 16.35b  0.779a 0.46a 0.73d 2.3d -2.41 19.84 74.66 
         Values followed by a different letter are significantly different (P<0.05). 
 
The results obtained with the three texture tests performed are detailed in Table 4. As can be seen from 
these values, the firmness of different trademark samples showed significant differences (P<0.05). A 
good correlation between this parameter and crumb density was found (R2!0.9). This is, the greater the 
density, the more firmness the sample showed (Tables 3 and 4, respectively).  
Although TPA is an excellent test for texture analysis in many kind of food, in this case it didn’t reveal 
significant differences between samples when cohesiveness and gumminess were analyzed (Table 4). 
Despite hardness showed differences between samples, it didn’t present a good correlation with any other 
structural characteristic. 
 
Table 4. Texture parameters. 
Sample 
Firmness 
(N) 
Elasticity 
(%) 
Hardness 
(N) 
Cohesiveness 
---- 
Gumminess 
(N) 
MC1 85.75a 48a 7.24a  0.47a 3.38a 
MC2 69.04b 45ab 4.19b 0.51b  2.12a 
MC3 23.15c  45a 1.54a  0.50b  0.68a 
MC4 138.97d 51b  3.10a  0.55b 1.70a 
        Values followed by a different letter are significantly different (P<0.05). 
 
As regards to the sensory analysis, the best qualified sample was MC3, with a 80 % of acceptability, 
followed by MC2 (73 %) and MC3 (71 %), with MC4 being the worst qualified with a score of 63 %. The 
joint analysis of these results and the previously presented physical properties showed that acceptability 
are strongly correlated with porosity, crumb density and firmness (R2 =0.97, 0.87and 0.92, respectively). 
It showed a high preference for products more porous and less firm (Figures 1, 2 and 3). This trend was 
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also found by Morr el al. [9], they concluded that a porous structure is associated with a softer, lighter 
crumb and thus with a higher sensory quality.  
As additional information of sensory analysis, consumers were asked to mention a word that describes 
this type of food structure, 63% of them chose sponginess referring to this sweet baked product.  
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Fig. 1. Linear correlation between consumer acceptability and firmness 
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Fig. 2. Linear correlation between consumer acceptability and porosity 
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Fig. 3. Linear correlation between consumer acceptability and crumb density 
4.Conclusions 
The present study is a preliminary stage of a more complete research that is focused on the 
optimization of baking process conditions affecting the final quality of sweet baked products. It showed 
that sensory analysis alone is not sufficient to establish commercial trends for a given product. However, 
if it is accompanied by physical and texture evaluation, it can be correlated to define the desirable quality 
and, what is more, it will be a useful tool to design an industrial process with high quality standards of 
production.       
In this case, consumers appreciate more soft and aerated product, so there is a challenge to achieve a 
process that ensures these characteristics on sweet baked products.  
Acknowledgements 
This work was financially supported by Consejo Nacional de Investigaciones Científicas y Técnicas 
(CONICET), Agencia Nacional de Promoción Científica y Tecnológica (ANPCyT PICT 2007-01090), 
and Universidad Nacional de La Plata (UNLP 11I140), from Argentina. 
References 
[1] Consumer Erosky. 2006. Análisis Comparativos: Bollería Industrial. http://revista.consumer.es/web/es/20061101/ 
[2] Thorvaldson, K., Jenested, H. A model for simultaneous heat, water and vapor diffusion. Journal of Food Engineering 1999; 
40, 167í172. 
[3] Szczesniak, A. S. Texture is a sensory property. Food Quality and Preference 2002; 13(4), 215-225. 
[4] Scholtz, S.C. and Bosman, M.J.C. Consumer acceptance of high fibre muffins and rusks baked with red palm olein. 
International Journal of Food Science and Technology 2005; 40, 857-866. 
1000  Maria M. Ureta et al. / Procedia Food Science 1 (2011) 994 – 1000
[5] van Kleef, E., van Trijp, H.C.M. and Luning, P. Consumer research in the early stages of new product development: a critical 
review of methods and techniques. Food Quality and Preference 2005; 16, 181–201. 
[6] AACC. 2000. Approved Methods of the American Association of Cereal Chemists, St Paul, MN, AACC. 
[7] Baixauli, R., Sanz, Salvador, A., Fiszman, S. Influence of the dosing process on the rheological and microstructural properties 
of a bakery product. Food Hydrocolloids 2007; 21(2), 230-236. 
[8] H. A. Khouryieh, F. M. ARAMOUNI and T. J. Herald. Physical and sensory characteristics of no sugar dded/low fat muffin. 
Journal of  Food Quality 2005; 28, 439–451. 
[9] Morr, C.V., Hoffmann, W. and Buchheim, W. Use of applied air pressure to improve baking properties of whey protein 
isolates in angel food cakes. Lebensmittel Wissenchaft und Technologie 2003; 36, 83-90. 
 
 
Presented at ICEF11 (May 22-26, 2011 – Athens, Greece) as paper MFS314. 
